


ditc!dly  availatdc  to us. Not it]clud(!d ate: d{it{~
sc!ts otl pc)wcr ttansistc)r  S[ E c)t.)ta ined by
Jf’1 , l{ockwc!ll, f~c)c!itlg at-lci othots a n t i
put)lisllc!d  Ily Nidlc)ls  (~t al (10) in 1994.

‘1 It{! S[ } data ~)rcxontcci  Imtc aIId irl
ttm prcwious fivo rc~~mtls  (1 ,2,3,4,5) rq)tcsc!tlt
a sul~stdtttial  rlmjc)rity  of all Icst  dat; I c)t)taillmi
0(] Sf I  ttltc)llgllc)ut ttlc Wc)tlci. Sc)rl}e
additic)tlal  data Ii)ay c:xist itl c)ttlet  ar[idc!s  clf
ttlis cotlfc>rc!lw[!’s  1[ [ 1 Wc)rkstm~J f{cmord  ot
‘Iransadiot]s,  itlc)tl  terj(lllrll[ils  cjfirt~l[}tlliEit  ieci
atld ul)pllt)llsllc!ci  ~)t(!$;  (!t]t:ltlc)l-l$; 0{ SI I
syin~min.

‘I I)(! data from all or{]t~tliz[ttic)rls  are
suri-rnlarizc!d  firl(i cc)llc~tc!ci  Ic)(]c:ttlol  (:VCI1
Itlougtlttlc:tc: rll;lyl )c:s(lrl-loc  iif[Crc!rl  Cc>s intlm
ci{da frcmt oactl  orcj;  lrlization, [ or cxam~)lcl,
LJI’l  (ic!fir-lcs ttlCttlrostlc)l(i  1[ ‘1 asttlat  v:]lue
c)f [ I “1 wt~orc sc)ft  crrots ;irc first Cc)utltc!d at
fluortcx!s  of l(l~; icjris/cr~t~;  Acrc)s~Etcc!  tlc)w
dc!firlc!s  tllcir 1 [ ‘1 ttlrcstlold  as cm:llrrirlg  at
ttlat I)oirlt  wllc:rc!  II)(! lllC!EISLll  C!(i LJ~]S(!t cross
sc!dic)l]  is ().01 tirll[!sttic!  rilcfisLlrc!(i  rl”raxirliLJlrt
cross  sc!ctiorlj  (;NI S re[)c~fls a ttltc!stlc~l(i  at
0.1 tir-i-le~;  lt~es~~t~ltiitc:c{  crosssc!dic)  t]. .11’1’s
cicfinition  vit-[ually  g~]arantms  nc) u~lsc~t  t]c!lclw
Itlrmtlc)ld  t)ut rc!sults  it] an ovc!r(!stirllatc  of
c:rrc)r  rat[! if tt~(! ctoss smtic)tl  is [!rr-cmoc)usly
tlssut-nod to tm Cc)tlstant ;it all 1 [ ‘Is great[:r
ttlan tttf! ttlt(!sllold 1[ -l. S~j[!cifyir]g  ;i
tt]rc!stlc]lci  1 I ‘i [~t a frtidiorl of III(:  s:iturate(i
cross  s[!diotl attorn~ds to a~)~)rc)xitnat[:  tlm
Crlc)rratc  I.]cdlcr,  I]ut ii irltroduczs  art art)itrary
fac:tot  (to :Imourlt  for ttr(! slo~)c! of ttlc c:rc)ss
s(:cliorl  V S. [ 1 ‘1) arlci at] tissLlrll~)tior]  that ti)c!
sntur{ltc!(i vaiuc is ktlc)wr-1  arlci/c)r actiicvod
witt]  tt]c!  I]i(;t]cst  1 1 “1 tc:st iorls.

‘Itw lmst  w:lytoc;ilcLlltlt[:c!rrc)t  tatc:sis
tc)~lsc!  ttt(!fl]ll  (jl]rvc>c)f  c:rc)f+fjsc!(:tic)r]vs,  1 [’1,
wtlidl t[lay I)c! :Ivailat)lc  frotrl ttrc parc!r]t  tefit
otgarliz~]tiorl , tirlci  itltc!grat[!  it ov(:r  all ar)gi[:s
atlci ail iorts of vt(ricjus 1 [ “1s. nut (!vcll ttlis
Ill(!tilo(i, wtlictl  irlvc)lvcs tile us{: of a
Colll~)Llt(!t, rciic:s critically c)rl \vtlat
tlssurll~)tions  at(! tnadc: al)cjut grrazirt{]  ion
irn[)ads  an(i tt]e dirnc!nsic)ns  of ttl(! (iovicm
(:(:11’s scwsitiv[!  volurlm.

Aliciah:  ate: flc)w~ltesefltc!(itlc!rc:  it] c)rlc!
tat)io, for ttm first tirtm. Ali chta iistmi twrc
tc~)t-c!s{!rlt  a sul)stzirlti;~l  at.)i)rcviatiot]  arlci
igr]orc statistical f(:at~ltc!s  altc@twr. [[-1
Iirllitsf]r-cfot  rlclrilirt:~l  c! ff[!(:tiv[:  vE}iL]c!s  wittlc)LJt
c:c)rrc!ctic)fl  fc)t cicxltaclatior]  ttlat  Carl cmur
wll(!rl  iil’1 ic)rl  tliiv(:rses cic:vice  c)vcrlayets.
Gc)ici  [iata, irl ij;~tiicular,  ~[rc scldc)rlt a s
d;]rlla{lir]g as orl(: w(~ui(i  Cx]wd  c)rl ttlc basis
of rlc)trlint~l 1 1 “1 atl(i suctl  ciata arcl Iatwlc!ci
wlletn krlc)wrl. S[ [ tc!sts  usd a  ciyrlarrli~
fic)tr”titli;l l~ias (oft[:i)  4,5 ot 5.() V ) ;  latcllu~)
t[!sts  ::rc usLJally  ~)f:llotnncd  at til[!  Irlaxirnutll

VZIILJC (If ttlc tlottlitl{tl t)ias r-angc!  (c!. {g. 5.{ IV) --
:( corlciitic)rt  us LI;Illy  (I]ut rtc)t a l w a y s )
c:rltlarl~irlg  tllc:  ~)c)ssit)ility  of Iatctlu[).
I]c[)c)tieci  (i[:l{i  wcte  takcrl  at rc)orl]
tcrlllmlaturc clr  :ir[tt)i(:rit  tmlt~lefatutc!;  liigilc!t
tmt tc!n]mtaturc  IIlcasutcrlluds  do c!xist  for
sorllc~ Imris. Irl ~]i]llicular,  latctrLll)  is krlc)wrl  to
c)cc:ur IIloro rc;[ciil}f  at }Iigllc:r  tc:trt~][~rtltL/rc!sj.
It] sotlic:  itlst~ltlc:[js, (i[]ta c)rl trarlsic!rlts  is
rlc)l[!ci, Vvtlicjti  nl:l.y c)r rllay rlc)t irll~)ac;t
Clc}dlotlim  (iowtl ttlc! Iirlc. Cross scxtic)tls  fc)r
trt~r-tsi(nls  are ~tr(~l]g]y  ci(:})(:rlci[:rlt  otl Wtltit

volta(; (! (ot (L]rrc:llt)  is t:lketl as tile:  cic:fitlitic)t-1
c)f a mutdat)k:  Itarlsic:rd. IIcrlcc},  a systc!rn
(ic:sigrtcr  irlt[:rc:stc(i  irt a qwcific: [mtl is agait]
urqo(i tc) cc)rlta(:t  ttlc! a~)~)rc)~)riatc  tc:st
c)rgarli/atic)rl  fc)r furitwr  irlfc)rrmtic)rl,



ir~dl cydotrorl  ar)d IINI \larI  cie Graaff atc
hoyoncl  ttm scx)pc)  of this prcxmtaticm.

Sornc Cc)llc agues I-rave cwrnn-renled
that a rn[!asurc!  c)f the sl}ape of ttlo cross
sodions  vs. I F ‘i rr~i{ltlt  tm usc:ful  -- sudr  as
givcrl I)y a tat.) ulatic)r]  of ttlc Weik)ull
paramkrs,  Ottwrs  pc)int out ttmt  i t  rrmy Ix!
rnorc ciiflicwlt to assure that such pclrarndor:;
arc ~mpcrly  cierivcd  arlci appli(!d  ttlwl it is to
cxllculato  Sf [ ratcx cfirdly  frcml krmwll (ar-rci
rc!adily avail  atblc!) cxpc!rirrlcntal cross
sc!dior  1s.

[’rog ram mar~agcts  cmrmrrlc:d  will]
mitiml  systen]  r~lial)ility  issues will ullitnatoly
ncd at) apl)rc)[)riatc set c)f cross sedic)nal
ciata to assess statistical fc:atutcs  arnd fcmus
or) spc!cific  at-rswcrs. [lall~mrk  mtiniatc%  will
a l s o  tlavc a I)lacc!,  t~owc!vcr,  by tl~li)irl{l
assuro that c~x~mtlsivc ex~)[:rirrlorlts arc!
lirniteci to only’ critical  S[ E issms.

At) [ valmiiot] c)I S! f [Iaia

All data are brokcm dowrl ac:cmrding tc)
cc!rlaitl  fundiornal  c a t e g o r i e s  fc)r case clf
refc!roncm ancl ccmver-iicrm  ir) cc)mpariscm<
‘1 hc data irl ‘1 able 1 can I.w brozic~ly gr-c)u~)[!d
as rnicroprc)cesso  rs/rnicrc)c;  c)ntrc)llers,  logic
c~c!viu!s,  I II O’s, all dassc!s  c)f I IAMS,  I lC)MS,
ASI(;S,  gate arrays, A/[ J ancj [1/A cx)rlvericrfj,
rllisCCll;tr-]ec)Lls  dcvic:c!s, [j(~/[)~  pc)wc:t
cx)rlvotlets  (fc)r ttle first tirnc), ;Ir-rd a widely
ex~mrlcic:d  grcm~)  c)f Iirwar cicwic:es. Irl a fcwv
ir~starlcms  a given cjevim rlwy tdc)r~g to rnotc
tttar) orm cxdqcvy  but will llSLJEi!ly  t )f! Iistecj  it I
c)r-rly c)r-rc!, tlc>rlcx!  sc)rrlecmo scc!king  a spcxific:
dc:vicc:  stlc)uld  t r y  severa l  catc~gc)rics  if
rtc!c:ossat  y.

f cdlc)wirlg arc scmre  Irigtlli{gllts  c)f [!adl
of ttms[!  cwt{!goric!s.

.Micrc)~)fc)ccssc)rs  & Mictc)cc)rltrc)llc!r-s

~1[)[ , 11 N1 ar-rci cdtlcrs  Ilave d.)t;lir~c!d  t:
large I)c)dy of S[ I data fc)r rrlicrc)~)rc)(:c}ssc)rs
this ycmr,  all wittt  W-bit  ancj (in otlc: case) &l-
bit cx~~mt)ility  ([)1 C’s Alpha. ) Sc)ft crrot
tt~rd~cdck+  are Cc)rlsistently  Ic)w for most of
ttwsc IIi{]tl-c{lptll.)ility  madrincw, wit}) 1 f 1 (ttl)

rarr{lirlg ftorll ~l~)~)rc)xiri”~:itcly  1  tc) 10
McV/(rr@rn2). At} irr]portar-rt c;xcoption  i s
ttlo lJcmgcmsc  (1 {3000) I ilSC rllicrc)~)rc)cc:ssc)r
-- a racj Ilatd vcrsiotl  o f  ttro I{3O(10 I.mscd
“Cot)ra”. Most  of tllesc? rrlicrc)[)rc)cc~;sc)rs
wpr[~ ;llso v~ly  :;ljscci)tiblo  tc) lat Ct”r Lip,
alttl~migtl  ttm Moilgc)cm ancj ttw’1 MS 68-1 0?0
r-llictc)[)lc)cc:ssc)r  (I)ascd c)r~ S01 tc!ctlr  lology)
wcr(! c)utst;itldirlq  c:xc:c[)tior-rs.

Kirllt.lrmlgtl  (1 1) cddair~d data for all
Cc)tlln-lerci[i.l  rl~{~r}Llf;~ctLlr[!rs’  3?-t.)it  f\l SC
rnicl c)prm:ossoi ttl:~t  ate prcsc:nted  in  ttlis
yC!fil’S  Cc)rll[)ikltiotl. t Ic! cc~rrlparc:ci tlis data
vs. :;irnilar  cjata rc)mrlecj cmrlier  by E SA (12’),
cm tlm I:msis of diflcront  test apf)rcmdws. t Ic:
rlc)tc:s  alsc) ttl:tt registc!rs arid furldic)rl:il
blocks using register ardlitodurc  cjcmlir-late
tile SE I Cross  sc~dicm.  It is irltc!restirlg  to
not[! t h a t  tllc I{[300(IA, wl}ic;tl  i s  a G(ICA
“pl]~’sical’( stlrink  of tllc! I {3000, c!xtlil)its  a .-3
tirn(s Iar-gc:r  Ctoss  sodiot l-- st]c)wing that
physiml  cjcwim size! is rrcd, by itsdf,  a useful
figll!  e of r-nc!r it.

1 Ming of rrlicrc)cc)rltrc)llc>rs  arnci varic)us
c)tt-](!r  prcmssclts  irlclucid  8-k)it, 1 G-bit a n d
32-t)it rrradlirlos, All of ttlcm dcwicws WCt C
vety sus(cqdiblo to sc)fl  errc)rs arnd Iatchup
wittl ttlo sir)(glc!  cxcc![)tic)rl  c]f onc devicm
(87C51 ) t-1-l;]rl~lf:l(:t(lrc[i  with (J-l MC’S raci Ilarci
design frc)rr”r a (;lvl(lS/bulk  aI@icatiml  spcxific
1(; [ASI(;].  Sonm SI’AF{C  dlips wore tc~std
dutlrlg  ttlis  }Ic:riod,  under  ttlr2 aegis  o f
[ stlcme (13) atld lkx~uc;c)ur  (14).

Quest  iorls rc~garding ttlc! I)cst
apI lrcmc;tl  to t-t-li(:rc)oroc:c~ssc)r”  tcstir]g rclrnain
()~)[rr. Sorl)(! :jr{guc ttlat st:ltic  tcstirrg c)f
known rc!gist[!rs  it] a krlc)wrl  state is ttlc: best
t~p~llcmtl  to llrlcierst;lrlciir-l{~  SF [ cffczts. JF’1
~)r[sorltly  l)ufs~l[!s ttlis vic:w a n d  Ilas
cjc!rl-lonstratcd  t h a t  r-tc)t all elor-rrcrlts  of a
r“[’li(:rc)~)rc)cc:iscll  ;Ir(! c:qually  S[ [ -suscq)tit)k:.
Otltors  c:lainl ttlat testir]g  wittl  dyrlarnic
pro~granls (ttlo rnorc tt-rc  I.)c:ttc:r)  will usually
stl(lw ttlat St;iti(: tc:sts  prc)vido  an unrealistic
Wc)lst case, i XIV(! Myers Im t.mrl ~)r-c~mrirlg
a (Ic)cumor-lt  (ioscrit:)irng  goc)d pradic~  f o r
rni{ roprc)c:cssc)l  tmtirlg  fc)r tllc AS-I M (1 5).



‘1 Im [ Llrof)c!m groups it] this mtmgc)ry
at-e roprcsmtc]ci  by [Jr. J. Iloaucmur  of Malta
[“SP:KC Wt]o took test data at GANI1, t}”lc
l-ligl’~~r-erlor(~y(lotc)  100 Mc~V/al”rlu)  Cyclc>trcjrl
in Frat-rm. tlis rc!sults  ~)rovicic  rw basis for
c o m p a r i s o n  witt) ttlc Iowc>r Crlc!rgy ic)rns
ccmmcmly  used a{ Broc)kl~aver~’s  (EINL ) Varl
ck Graafl  find tllc UC [lcrkel~y 8 8 - i n c h
~yclolrc)n. t towc:vc!r,  [)l-. [lc?a[lcc~ur  (1(;)
observes  tha t  I-r(! sccs no s ign i f i can t
cliffmmcc  Lmtwc![!rl  ciata I-I(! has obtair-wci  on
rnarty ocxxwions  at bcdh [{N1 anti GANI1  .

L c)gic [kvic:[!s

‘1 llc~ era c>f btoacj sciil[> tcxding c)~ logic
cfevicms rImy I.m cwor, for cmly a fcw dcwicos
wem tc:stc:ci. C)r~c! Ic)w [)c)wcr  cievim using
1[1-1 ‘s CE- MOS tc!chnc)lc)(]y  (3,3 V/5V) Wi3S

tc!stocj,  st]c~wir~g  Iatchup  a t 1[1 = 25
Mc~V/(rng/m~). 7 Ilc! rcs~)c)r~sc  c)f a tlartis
II CMCIS anc~ NS(:  [ AC-I cievice  wer[~
C o n s i s t e n t  wilt~  ~}r-c!viou.s  fiata fc)t ttlc!sc!
tectltlolc)gics; tt”roy c}xtlit.)itod  no SU$
to kltct”rup.

J-IF(YS

Sevc)ral  f  1[ 0’s wc:rc; tes’

mptitbility

ed. All
exhit.)itcd  iatchup at ICJW 1 E-l , (Mm t~!st  of 1[)1
cjevicm witl] four cliff  erorlt c!~)i  thic:kr-ressos
St”)c)wc!ci, :1s [!x~)c)ctc!ci, ttlat  ttlirlrrer  epi
dcwicm  arc less susceptible tc) Iatctlup.

Static  I{AMs (SIIAMS)

Sevc!ral  clc)zer~ S~{AMs  b y  fouric~en
diffcrcmt  rTltlrlLlfz~ctLlrc3rs,  ranging mc)sliy  frc)rn
64 kbits to 1 Mbits, were! tcstocj  irl ttlis two-
yc!ar  period. All were! varic:ties  of CMOS
tect~nc)lc)gy, ancl alnic)st  atl wc!rc! v e r y
susccptibic! tc) sc)ft errc>rs,  with  11 ‘1
thrwsholcis  c)f <1 tc) --5 MeV/(mg/cr1t2),  A t
suet-r Ic)w 1 [ ‘1 s, orrc car-r expect prc)tc)rr-
inciucx!d sclft c!rrors.  Wtlf2fl  ~)rototl cjata Ilas
alsc) been t a k e n ,  ttlat fad is notcci.  Mc)st
Sf {AMs wc:rc resistant to Iatcl}upj  t)ut scm)f!
bulk (;MOS tmtlt]olc)(gic)s  wcro vc!ry latcltup-

ptorl~. ‘1 tIC rlotatiort  irlvc)lving  “>” or “<” signs
inciicate.s  a ttlrc!stlotd  ttlat was not c)btainc!cj
tx!causc c)f arl uj)[Jc!t  c)r lower timit cm ttw L E 1
c)f tl~e test ic)r-r. Multit)lc  orrars pc!r ion strike,
rrlulti~)le  e r r o r s  ~]er s i n g l e  worcl,  ancl
perrrl;  lrrc!rlt Itarcl  crrc]ts  were all ciwrvecl  in
sol’rro dcwices.  ‘1 llc!r~  are alsc) now extmsivc:
irlvesti[~atic)ns  of tlarci crrc)rs i n  S H A M S ,
[) I{AMs ancl fl)C~A’s  pc)inting t o  failurc!s
arisin{;  from Icmllir[!ci  tc)tal close clcpc)sition  c~r
Ileavy iorl-ir]clr-lcc!(l  rul~turc) of inc~ivicjual  CC!II
oxicic! li~yers  ;it lligtl ckrlsitic!s.

A few S[ {AMs tlmt were “hard” tc~ troth
s o f t  Crrc)rs ar]d Iatctlup  were dc!velc)peci  hy
I!JM,  I lot-rcywc!ll  ;Itlcl  Urlitccl  1 cchnc) logy
Micrc) (Jorltc!r, Wtlcthcr a n y  c)f thc!so
cjev~lc)~)mc!nt  ~):~rls t~avc ovolvecj  inlc) a
cornm(:rcial ~):iti car) I.m Ic)arrlc!cj  frc)r-rr tt~c!
r r-lar-r L/f; 1 d u rcr.

[)yr~afn~ic RAMS ([)1 ;AMs)

I) I{AMs  of seven rlli~nLjfztc:tLjrcrs,
a lmos t  all 4M tc) “1 GM (;MOS tccllrmlc)gim,
wcro Ic:stccl  ttlis ~]eric)c~, Norlc!  cx}libitccj
latc}lu~l w i t h  tile c!xc:oi)tic~rl  c)f the: MGN
M14GL14111[IW  dh~Xq (;MOS [)I{AM  testec~
I.)y Gc)dciatd  Sf (;. A l l  wcro  c!xtremc!ly
suscc~)tible  to sc)ft efrots, tlowc~v~r,  with 1 F.T
tllrc:sholc{s  oft(!n oxtornclir~g b e l o w  1
MeV/(rtlg/cml~)  ar]d with very thigh crc)ss
sections  c)f ttlc clrcjer of 1 crnp pcr clevicc:.
Sonic cicwicos  c!xtlitlit  functic)nal  loss at nlicl-
r:~ngc [ E. Ts c)f 12 to 2(I McV/(rrlg/crn~) ancl
also stuck bits, Sc)lr-rc~  c!xt~it.)it  rc)w ancl
column  c!rrors  tt~at are r~c)t  Ccmtrc)llocl  by F rrc)r
Cc)rrc!c:tlc)n  Cc)cles ([ (; G). t lowever,  [ Cc
generally c) ffots z:. citarrnatic  imprc)vc!rnc!nt  ir-r
susc:o[dibility,  Cc)nsistcrlt  wittl tllc~ c!xpcctation
tt~at  i t  w i l l  bo {Ixtr[:rllc!ly  urllikc!ty  fc)r twc)
upsets il 1 tt m sanro wc)rcj  tc) c)ccur at tt w sarnc!
time. [f~c~tc:  ttiat t w o  o r  n]c,rc> [,t,ysically
[Icjjaczrlt  upsc:ts  ;irc: Itot l ikely tc) t)c!  in ttlc
silrnc wt)rcf’s clc!ctrc~rtic  cc)rlfi{)l]rfitic)rl,]

_——



f’rogrammable [<cad Only.  Memories
(P[{C)MS)

A fusible-link I’[}C}M, a bipolar PllOM,
a UVE’ I’I”{OM and fiftcmn electrically erasable
CMCJS  FE. I)[{OMS  w~rc tested ttlis pc)riod.
No gcmcraiizations  are warranted for the
incjivicfual  I)[{OM typm,  and norm appcmr  fot
ttm E LPI{OMS either. t{owmmr, note that
sc?veral  o f  ttrc E- F”. F’I{C)MS arc prorrc! t o
latct~up,  an t i  scwcral  are no t ,  so cjcwicc!
sclcxtiorl  on ttlis basis is wotihwhilc  inciced.
Clearly, the! bulk C;MOS variations of Scwcl
technolc)gy arc not acccptalble fc)r t -nes t
racjiatiorr  cnvirorlrnc!nts. Nc)to :IISO tt-rat
SCVE:KI1 tcstc!cj  cfcviccx  cxhit~it  stuck b i ts  c]r
l-rarci errors. In acfcjition,  a spc!cial  t[!st by J1’1
[subrnittocj  as a Iatc news Iettcr  to this
confercncc]  stlc)wecj  that  c)rIc dcvic(! type,
when operatoci it) ttlc:  “idle”  mc)cic,  w a s
susccf)tit.)le tc) an “accicicntal  w r i t e ” ,  t[
complote 8-bit byte write c)f “all 1 ‘s”, ‘1 hc:
Icilc t-node is part of the normal F{ead cycle!
and is activatc)d by enc!rgetic  hc!avy  ions
whmr the ckvice is selected and tlm outputs
am cjisabloci. JF)l ‘s wc)rk supplements an
earlier’  rcpord of Bradley  et a l .  [ I i ’ ] . In
acic~itiotl, Jc)l]n  Hc)~Jkirls  A p p l i e d  F’hysics
L abot:itory  obscrvecj  a byte write it-r April,
I $):)() , but tllal ci(!tait  was  c)nlitted in the
Cornpcndiurrr entry in I{ Cf. 4 fc)r the SE (1
2.8G25G [“ E f’FIOM,  One can now ask what
cicwico parameters or prc)cesscs  dctormim
whictl other E- E1)F{C)MS arc subjc!d to thcm
acciciontal  writes in the Icile mc>ck.

Almost all cicvicns  Ilaci vc:ry Ic}w 1 E 1
ttlrestlcdcfs  fc)r soft Crrors, usually Ic)wor in ttle
wc)rse case “write” t-nocle. One or two
devices appcmr tc~ be much hardct  than ttlc]
rest,  acxorciing to preliminary or partial tc>st
data. Mcm!  test efforl is roquirc:cl  tc) provo tt-ris
C)Llt,

.A~)[Jlicaticm  Specific IC’S (ASI(;’S)  & Gate
Arrays (GA)

NCJ ASIGS
‘1 able 1 for ttlis
ASICs arc listed
functiclrn instcacj.

arc! listed scparatety  in
peric)ci. t lowevor,  a ‘few
ur”rder tt)cir [)ro[gramr?’lcci
F’revious cjata show that

ASIC SE E pctfc)rrllance varicjs  widely, as”
do[s thoit fabricaticm process.

Scverai gate! array types were tcstcci,
however; mpcx:ially  ficdd progranlmakk  gate
arri:ys ([ I’(+A’s). ‘1 hc E“[’GA’s frc)rn several
rnaflufacturers arc rather hard, wittt m~diUnl
c)r lligt-r soft error 1 El thresholds and no
prc)pensity fo r  Iatchup. Actcl d~vices,
including sevcr”at l“mcess variations, all LISC:
a n  O N O  (oxicie-t)itridc-oxicie)  “antifusc”
pro{lran-rrr-ritlg tc~ctlrlc)logy.  l-hey  Ilave Lmmr
cxt[:nsivcdy  tested by Aorospam ancj Jc)hn
tlc)~lkir-rs  Applied I’llysics  Laboratory.

I n  aclciitior],  JP1 h a s  tcwtc!cj  Actcl
ciovices  with tli{~tl 1 [ 1 ions (Au and 1) and
fourlcj ttmt ions wittl 1. E 1>43 MeV/(mg/crn2)
Can program antifuse cc)r~ncmtiorns  ttlat arc
initi{:lly LltlL)rc)gr~irr]rl-}ecj wl~en the device i s
opotated witl} the tmrmal sL!pply  voltage (5 V).
JPL’s A. Jotlnstor) & G. Swif t  (18) have
postulatc!cl  ttlat these permanent fa i lure
mc)ci~s  may atisc from single  cwent di~lectric
rupt~tr~ (SE IDli) c)f ttlc antifuse. T“tm thrmt
[)rc)t}ability for ~)resent  d a y  d e v i c e s  i s
extt~mely  sr-natl, but attempts to harden
cievi(:es  may grc:~tly  c~xacerbato  tt-rc> problcrn
irl ttle fLltUre. Manufacturers arc! Cllrrently
wc)rking  cm dc:vices  with thinner diclc!ctrics
a n d Iowct f)rogran-rrnirrg Voltage
ic:cjLllrerr-lc~rltsj,  whicth may be more sensitive
to this cffcx:t.  Srnallc:r  scalirlg  is also Iikcly to
incrc:asc  th(! proldefrl.

!’ro~ir;~rllmcit]lc]  1 cgic Arrays ancj Devices
{}’1 A’s & 1’1 [) ’s)

Sc:vc!r;il  1-)1 A’s ancj [’L [1’s were! tested
this Imrioci. All Ilad fairly Ic)w soft error
tthresholcis  arc)[irld an 1 [ 1 c)f 7 tc) 10
MoV/(mg/crll~).  ‘1 tic t~ipc)lar [’1 A’s anti tllo
Atmc:l CMOS [’1 A wc?re resistant to Iatchup,
bLlt ttic CMOS [“’l  [J’S all Iatcheci  lip, 1  hesc
data !wrve tc) reirlforcz!  the? rcmii!y  that CMOS
cjcwicm  arc likely tc) iatch  up unless special
hardening proccsscs arc used. In tllo latter
CVCtd, ~heit’ kdChLl~)  SUSCC!pthilit)f  k kS, b u t
not always Zor(l. It is a fad of life that tt~e
inclusion of an e[~i Itiyc:r  dcms not prc~vic{e  an



iron clad guarantee against Iatchup,  because
the epi thickness may be too great for the
p=irticular  device. Exactly how thin the epi
thickness must be cannot be answered by an
experimental data kmsc;  it depends cm the
i n t r i n s i c  suscc!ptibiiity  of the cievice  in
cluesticm.

Linear [Icwiccs

1 irwar  devices have rmceivcd  much
rnorc attention recently, mainly from GSF C
anti Aerc)sp:icx. l -h is ar ises frc)rr-l  the
recogniticm that t-reavy-ion-ir-lduccd  transients
may causc a probkm in adjacent circuitry
even though there are no Iatct-m or bistablo
statcx in the test cfcwicc?s  themselves. ‘1 he
data in Table 1 fc)r linear dcwicc!s  is listed
under category 18, which is brc)ken dc)wn
further accc)rding to function.

(1) 7 ransceivcr  and 1 ransn~itter-
E3eceiver  pairs: 1 here! is much C+[)D (GSF-C)
ciata for scweral manufacturers. Gazelle?’s
two GaAs clevices  show nc) latctlup nor do
the bipolar silicon cicwices [All c~cviccs  are
silicon urrlcss c)therwise stated. ] }Howc!ver,
CMOS ancj I[)T’s new low power CE M(IS
techno log ies  are susc.sptibic  tc) latchup.
lhore is alsc) a soft error ta.bulatic)n of 1 ET
threshcdds,  but the “<” sign indicates that the
ion l.[-T was not Ic)w enough to establish the
device threshold L.El for many of the test
runs. A fuilcr interpretation of these data are
given in the listed refercmcc  (19).

(2) (lp Amps: 1 here arc I-lc)  kdchups
repc)rleci  for tho bipolar op amps, with one
cxceptic)n  as notcci  uncjcr “f<cmarks.’(  This
identification of a bipolar Iatchup is rlc)t
generally acccptcd. 1 he real concern is that
op amps may exhibit transients of sufficient
c{uratic)n  anti amplitucie  tc) upset a latch in
acjjac; [!nt  clevic  es, ‘1 est ciata have been
c) btaineci  fc)r fifteen op amps as showr-l  in
7 able 1. The rnanufacturcrs  recmiving most
cjf the SF E testing are NSC anti F’Ml. A
variety of op amps have rather low L ET
thresh  olcjs, corresponciing  tc) a  w i d e
susceptibility tc) inter-galactic heavy ions. In
sc)nle cases [when 1 El <8 MeV/(n@cm2)],

protonti  r-nay causw  thc!se transients although
that r[mains  to I:)c proved. These LEl-
thresholds and tile corresponding cross
sectic)tls d(!per~cj,  c)f c o u r s e ,  o n  w h a t
amplit(lde  and/c)r  cluration arm considerecj
large enough tc) cc)urlt as a ‘damaging’
transic:nt.  1 horw is at present nc) star~dard-
sized transicml,  ancl this may bc just as WC!H,
for thoie is also rlo stanciarci  transient that will
pose f~ threat tc) any specific system under
evaluf~tion. Most transients arm in the
nc!ightborhood  c)f ~cl to 20 microsec duration
and I-r{ivc  amplitucics  ranging up to several
volts.

A cursc)ry  Ioc)k at some sys tems
shows that transif:lds of those durations can
km dar lgerous, ‘i hc saving grace will be that
the ctoss  sccticl[l fc)r d a n g e r o u s l y  large
voltago amplitucic)s  may correspond to a vcry
low ul)set rate (<one per year) for many
dcwic[s  in tt-rc galactic  cosmic ray (GCR)
envirc)nmerrt. 1 hose rates, which are
prc)pc)t-tional  tc) measured transient cross
sectic)t~s,  arc v(:ry sensitive to the transient
vc)ltage amplituck,  hc)wcwer,  so one cannot
safely embracm arly generalizations without
obtairling  system ir-rformation  on tolerable
amplitudes anti cj~]ratic)ns.

(3) Other linear devices: Much data is
also available for less criticzil  compon~nts,
suc:h  as vcdtage  regulators, comparators,
switches, clrivers, receivers and driver-
recc!iver  pairs.

[) AC’:.  and A[)C’S

There is consickrable  data on digital-
to-an::lc)g  ccmvcrl[!rs  (DAC’S) and analog-to-
c~igiti~l converters (ADC’S),  g r o u p e d
separately uncier category 19. l-here  is a
furth(!r subgrou~)ing,  accorcjing  to the number
c)f bit:; (or resc)luticm)  that the devices can
prc)ccss.

Mc~st  c)f tllc! cjata for the [)AC’s is
directed at ascertziirlirlg  whether they Iatchup.
None of the testoci  cievices  latched up. A
review of earlier [)AC data (F{efs. 1,2,3,4,5)
st-row that nc)no tlas ever latched up, even



t h o u g h  sorno  appeat t o  b e  C M O S
technology. In this recent period, there is
one 8-bit Harris DAC that also appears to he
immuno to soft errors. This is such at]
unusual depar[ure from DAC susceptibility tc)
very low LET ions, that the test approaclr
and/or fabrication process for that device
migld merit further investigation.

F’or the ADC’S, data sets for both “sc)ft
error with iatchup”  and “latchup  only” arc
presented. F“or ADC’S, Iatchup of CMOS
dcwiccs is possible, and soft error l. E-l-
throshc)lds  are consistently low. I{owever,
twsting  of modern A[)C devices (which may
c o m p r i s e  a RAM, l a t c h e s a n d
microcontroller) may km quite  complex and
the intcrprotation  of a dynamic cross scctiorl
is non-trivial (20, 21). Single event output
errors can be described as either (1) Nc)ise
Errors; forming a C~aussian  distribution of
output values very near the nominal output,
anti (2) Offset Errors; less common, but
widely spaced along the range of possible
digital outi>uts. Understanding which cross
section is tabulated should be validated by
the test organization; whether one or both ot
neithc!r  is important to a particular system’s
operation requires interaction between the
project’s designers and parts reliability SEE
personnel.

Orm interesting line entry in l-able 1 is
the reported failure of the bipolar AD I
AL)9048 8-bit flash ADC in which the device
went into a permanent unwanted C) LltpLJt
mode; most often a two’s complement of the
correctly converted output. ?l”tiS particular
failure mode has hem-l reported in Aerospace
ground tests and analyzed by Koga et al (22),
who present persuasive evidenc~?  that it is a
distinctly different type of single event failure
involving a localized scccmd  breakdown of a
bipolar transistor. This type of failure was
also exhibited in orbit on one of two parallel
lines of the TOPEX satellite’s Star I“racker
system. Here the inverse operation [nc)w
ciisablod] would act to open the tracker
shutter’ wicie when looking  at the sun, and
close it tight during normal night SCatlrling,

[lC/L)C l)owor Converter

A new ci[!vicc  category is opened up
her(!, because nine [I(YDC powcx  converters
were testeci  dutit-lg this period. As seen in
Talble 1, a wicle variety of device responses is
possible. Onc GMOS device latched up.
Also obscrvc!ci  are many non-destructive
conditions ir}vcjiving  voltage drops, voltage
spikes and reset errors. Two ADA bipolar
devices display[!d  switchoff  errors which are
tentatively attributed to a gate rupture
(SE G[{) that switches “on” a power MOSFEl-
emtlodicd in ttle cc)nverter.

.Miscellanccms  [Xwices

Many miscellaneous devices are
tabulated under the last category #/21, and
some othor devices from categories 16 and
17 Iiave not bcwn itlcluded  in the text, Some
devices n-lay ptoperly belong in one of the
c)thcr  categories, so take a look k~ere if you
cksire a ccm~plete survey of the data. Nc)te
that a few fiber optic devicx;s  are included as
well as special controllers.

Ccmchsions

The new ciata presented here can be
comt)irmd with data given in f3eferences 1
thro~lgh 5 tc) clcw[!lop certain generalizations
usef[ll  for protecting flight electronics from
SEE”. Harcj tcxhnc)logies  anti unacceptably
sc)fl technc)lc)gies  can be flagged. In some
instances, specific tc!sted  park can be taken
as C:indidates  for kcy functions-- such as
microprocessirlg c)r memory, As always with
radiation test data, specific test data fcw
qualified fligght ~mrts  is recommended for
criticxil  applicatiorw.  Calculations of accurate
SEE rates will recluirc! the assistance of a
coml)uter code, a w(!ll-defined environment
(in tc!rms  C)f flux vs. L FT] and a complete
clevic:e  chamcteri~ation  [cross section vs.
L.ET {it the appropriate temperature.] Finally,
assessment of flares needs to be considered.

Evaluation of catastrophic effects
requites its c)wrl statistical treatment. Llata



for power transistor burnout and single event
gate rupture is not includeci  here; one may
refer to Nichols et al, (10).

l“he most recent 1995 ciata is not
her-e-- see JPL’s RADATA  ckda base (23),
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Appendix l-- Manufacturer Abbreviations

The following is a list of manufacturers who
have appeared in all of the compendia c)f
data, Not ail of those listed here appear in
this year’s data set.

ACT
ADA
ADl
AFX
ALS
ALT
AME)
APX
AI-M
ATT”
E3AL
E3UB
CPT
CRY

Actel Corp.
Advanced Analog
Analog Devices Inc.
Aeroflex  Labs
Allicxi  Signal
Alters Corp.
Advanced Microdevices Corp.
Apex
Atrnel
American T-cl & Tel
Bal Efatrom
Elurr-Brown  Research
Crosspoint
Crystal Semiconductor Inc.

CYP
E.)AI
E)DC
DE:C
EDl
ELN
FAS
Ff:R
FUJ
GAZ
GE-C
HAI+
l-l-l-c
HON
HPA
F{YB
lt3M
I D-r
INM
IN-[
ISM
ITP
LE)I
L1-N
LSI
MCN
MDl
MED
MIC
MIR
MI-I
MMI
MOC
MC)T
MF’S
MT”A
MXM
NCFl
NE:C
NSC
NTL-
OKI
o w l
PF’S
PL S
PMI
RAY
RCA
RMT
SAM
SEI

Cypress (;c)rp.
Datel
DDC ILC Data [)evice Corp.
Digital [-qui[mxmt Corp.
EDI Corp.
Elantec
Fairchild Sc!rniconductor  Div.
Ferranti
Fujitsu ltd.
Gazelle
General E k!ctric
Harris Corp., Semiconductor Div.
Hitachi L tci.
Honeywell It]c.
Hewlc41-Packarci  Corp.
Hybrid Systc!ms
IE3M
lntegrateci  I )evice Technologies, Inc.
INMOS Cor[)oration
Intel Corp.
INMOS  Cor~).
lnterpc~int
Logic Dcwiccs  Inc.
Lineal 1 echtlology
1 S1 Lc)gic Corp.
Micron ‘lect~nolc)gies
Modular [Ievices, Inc.
Marconi E k!ctronic Devices
Micrel  Sernic:onductors
Micro-Rel C;orp.
Mitsubishi
Monolithic Memories Inc.
Mosaic %miconductor
Motorola Scnniconductor  Products Inc.
Micro F’owet System
Matra Ilarris  Semiconductor
MAXIM
National Cash flegister
Nippon E. Iectric Corp.
National Semiconductor Corp.
Natel  Engineering
Oki Sc!mlconductor,  Inc.
Omni-Wave!, Inc.
PC?rfOrrIlarlCE!  %rniConduCtor  InC,
F)less[!y  Serl”licc)nductors
Precision Monolithic, Inc.
Flaytheon  Co,, Semiconductor Division
Radio Corporation of America
Ramtrcm
Samsung
Seiko



SE(2
SGN
SGP
SIE
SIL
SIP
SL.G
SNL
SNY
SOR
SSD
STC
TEL
TIX
TMS
TOS
TRW
UTM

WAF-
WDC
WEC
Xlc
XII.
ZOR
ZYR

A

ADI

ALC
Ball

E3DS

E3PS

cERl-

CLM

SEEQ Technology Inc.
Signetics  Corp.
Signal Processing
Siemens Components, Inc.
Siliconix
Sipex
Silicon General
Sandia National Laboratories
Sony Corp.
SOREP
Solid State Devices
Silicon Transistor Corp.
Teledyne Crystalonics
Texas Instruments Inc.
Thomson Military & Space, France
Toshiba
THW Inc.
United Technologies Microelectronics
Center
Waferscale
Western Digital Corp.
Westinghouse Electric Corp.
Xicor Inc.
Xilinx  Corp.
Zoran
Zyrel

Appendix 11-- Test Organizations

The Aerospace Corporation; El
Segundo, CA
Analog Devices Scwniconciuctor,
Wilmington, MA
Alcatel  Espace,  Toulouse, France
Ball Aerospace Systems [)ivision,
Boulder, CO
Boeing Defense & Space Group,
Seattle
Boeing Physical Sciences Research
Center, Seattle
2, Avenue Edouard Belin,  I“oulouse,
France
Clemson University; Clemscm,  SC

CNES Centre National d;Etudes Spatiales;
Toulouse, France

DASA Deutsche  Aerospace AG, Munich
ESA European Space Agency -- several

facilities
GD General Dynamics
GDt3 NASA Goddard Space Flight Center;

Grcenbelt, MD

GE
HAF3
HAC
HC)N
IBM
J

JH

LIN

Lori~l
LLNL

MM

MMS
Mo”r

GETS CO, Philadelphia
Harris S[!miconductor
Hughes Aircraft
Honeywell
IBM (See F{crnarks column).
Jet F’rcjpulsion  Laboratory (JPL);
Pasadena, CA
John Hopkins Applied Physics
Lat]oratoly; Laurel, MD
Lincoln Laboratories, M. 1, T.;
Cambridge, MA
Loral,  Manassas,  VA
L.awrencc L ivermore National
Lak)oratc)t-y;  Liverrnore, CA
Martin Marietta Astrospace,  Valley
Forcw,  PA
Matra Marconi Space; Velizy,  France
Motorola GSIG

NASA National Aeronautics & Space
Administration

NR1 Naval Research Laboratories,
Washington t). C.

NWSC Naval Weapon Support Center,
Crane, IN

f’HY Physitron  , Inc., San Diego
R Rockwell international, Anaheim, CA
SNL Sandia National Laboratory,

Albuquerque
Soreq, Isr. SC(! Remarks Column.
SSS S-cubed,  San Diego
l-RW TRW S[mcm  and Defense Sector; Los

Angeles
UTM United 7 echnologies  Microelectronics

Center, Colorado Springs

Apimndix  Ill-- Test Facilities

Ml-in. = 88-incl~  cyclotron, Lawrence
E]erkeley  Labc)ratory,  Berkeley, California

BNL: 1 andem Van cie Graaff, Brookhaven
National Laboratory, Long Island, NY

(; f-252 = A Cf-252 fission source. The data
from this type of source is rarely given
beca(lse  of inaccuracies inherent to the
limited range c)f ttle fission ions.

E SAC European Space Agency -- several
sites



GANIL=  Cyclotron for High E~nergy  Heavy
ions; Caen, France

GSI= Cyclotron for High Energy Heavy Ions;
Darmstacft,  Germany

HAR=- Van de Graaff  at Harwell,  England

IPN=I  Tandem Van de Graaff, Institut  de
Physique Nucleaire;  Orsay, France

UW=- Tandem Van de Graaff, University of
Washington , Seattle
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Voice: (81 8)354-1 968
FAX:  (81 8)393-4559
e-n-lail: farmarlesh @jpl. nasa. gov
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